Introduction {#S0001}
============

Approximately 572,000 incident cases of esophageal carcinoma and 509,000 related deaths have been reported in 2018.[@CIT0001] Given the generally poor outcomes of patients with advanced-stage esophageal carcinoma despite surgical resection, chemotherapy, radiotherapy or combination therapies,[@CIT0002] emphasis is put on early diagnosis and treatment of premalignant lesions and early-stage esophageal cancer. An increasing number of early-stage esophageal carcinoma has been detected recently owing to aggressive screening programs that use new diagnostic endoscopic technologies, including magnification endoscopy or narrow band imaging (NBI).[@CIT0003],[@CIT0004] Significant improvements have also been achieved in endoscopic treatment, including the development of endoscopic mucosal resection (EMR) and endoscopic submucosal dissection (ESD).These modalities allowed to maintain the integrity of the esophagus and avoid esophagectomy, which is associated with high treatment-related morbidity and mortality.[@CIT0005],[@CIT0006]

However, esophagectomy remains to be advantageous in removing all the neoplastic tissue and potentially affected lymph nodes. Meanwhile, endoscopic treatment essentially involves local resection without treatment of the lymph nodes. However, the risk of lymph node metastasis is important for prognosis. When the depth of invasion in esophageal carcinoma exceeds the epithelium (M1) and lamina propria (M2), the risk of lymph node metastases is low. The rate of local or distant recurrence and death following endoscopic therapy treatment is also low and thus additional treatment is not needed.[@CIT0007] However, the necessity of additional treatment after ESD for esophageal cancer with a depth of invasion exceeding the muscularis mucosa (M3), particularly among patients who achieved complete resection is controversial. Previous studies on surgery and EMR reported rates of lymph node invasion of 8.0%-18.0%, 11.0% −53.1% and 30.0%-53.9%, for early esophageal carcinoma limited to M3, SM1 and SM2-SM3, respectively[@CIT0008]--[@CIT0010]. However, radiographic metastasis could be ruled out before ESD, but not before surgery, and it is easier to achieve radical resection via ESD than EMR.[@CIT0011] Therefore, the long-term outcomes of ESD in patients who achieved complete resection and without additional treatments is a more reliable outcome measure. However, studies evaluating the long-term outcomes of ESD in these patients are lacking. Thus, this study aimed to investigate the prognosis and long-term outcomes of esophageal cancer patients who achieve complete resection via ESD and did not receive additional treatment.

Materials and Methods {#S0002}
=====================

Patients {#S0002-S2001}
--------

We retrospectively analyzed patients undergoing ESD for esophageal carcinoma between October 2009 and December 2017 at our center. Those in whom distant or local lymph node metastasis was evaluated via thoracoabdominal computed tomography (CT) prior to ESD were included. Positive lymph node invasion was defined as supraclavicular lymph nodes larger than 0.5 cm in diameter,[@CIT0010] tracheoesophageal sulcus lymph nodes seen, and mediastinal lymph nodes larger than 0.5 cm in diameter.[@CIT0010] The exclusion criteria were as follows: (1) pathologically diagnosed malignancy and premalignant lesions (high-grade intraepithelial neoplasia); (2) unavailable for follow-up; (3) prior or concomitant malignancy; (4) positive lateral margins; and (5) history of surgery, radiotherapy, chemotherapy, or combined treatment. All patients with positive margins and ESD patients with T1b lesions were recommended to receive adjuvant therapy. Notably, because they refused additional treatments, some patients with histologically proven esophageal carcinoma that exceed the M3 with negative margins and negative lympho-vascular invasion were also included in the study. The study was conducted in accordance with the Helsinki Declaration and the protocol was approved by the Ethics Review Board of The People's Hospital Affiliated to Jiangsu University. All the patients signed informed consent. Tumor staging and location of esophageal cancer were described according to the 8th edition of the American Joint Committee on Cancer TNM classification.[@CIT0012]

ESD Procedure {#S0002-S2002}
-------------

All ESDs were performed under general anesthesia with endotracheal intubation and were conducted by any one of only three doctors who had 10 years' experience in endoscopic operation and have performed a combined number of at least 30 ESDs before this study. General anesthesia was induced with fentanyl citrate, and was maintained with propofol. First, the lesion was detected via white light endoscopy, and was carefully observed under NBI and iodine staining. Next, the margins were marked using a dual knife (KD-650Q, Olympus, Tokyo, Japan). A liquid mixture of glycerin fructose and indigo carmine was injected submucosally outside 0.5cm of the mark. After lifting the submucosa, a caudal incision from the upper edges of the circumference was made for submucosal injection using a dual knife (KD-650Q; Olympus) or insulated-tip knife (KD-611L; Olympus) or hook knife (KD-620LR; Olympus). A complete en bloc resection defined as one-piece resection was subsequently performed. Finally, wound hemostasis was carefully performed using hemostatic forceps (FD-410LR, Olympus). The knives used during marking, mucosal incision, and submucosal dissection were according to the endoscopists' choice.

Histological Assessment {#S0002-S2003}
-----------------------

The resected specimens were cut into 2-mm slices after fixation in 10% formalin for 24 hrs, then paraffin embedded and stained with hematoxylin and eosin. All specimens were analyzed by two expert pathologists.

The endoscopic type of the lesion was assessed according to the Paris endoscopic classification.[@CIT0013] Intramucosal tumors (pT1a) were distinguished as tumors invading the epithelium (M1), lamina propria (M2), or muscularis mucosae (M3). Submucosal tumors (pT1b) were also further divided into three categories: SM1 (shallower one-third of the submucosa), SM2 (middle one-third of the submucosa), and SM3 (deeper one-third of the submucosa). Tumors were graded as well-differentiated (G1), moderately differentiated (G2), and undifferentiated (G3).

Follow-Up {#S0002-S2004}
---------

The typical follow up comprised CT and gastrointestinal endoscopy every 3 months during the first year after completion of ESD, every 6 months for the next 2 years, and then annually until 5 years. For patients with an invasion depth beyond the M3, positive vertical margin, and with lympho-vascular invasion, additional surgical resection or chemoradiotherapy was recommended. However, some patients refused additional treatment because of fear of co-morbidities. Histological and/or explicit radiological proof was required before diagnosis of recurrence. Local and regional recurrences were defined as recurrences within the esophagus, and within the regional lymph nodes, respectively.[@CIT0014] Distant metastasis was defined as non-regional lymph node metastases and any distant organ metastases.

Complication {#S0002-S2005}
------------

All adverse events, including treatment-related esophageal stricture, were evaluated according to the Common Terminology Criteria for Adverse Events (CTCAE) version 3.0.

Statistical Analysis {#S0002-S2006}
--------------------

Data were presented as median value and range or number (%). Survival curves were compared using the Log-rank test. Overall survival (OS) was calculated from the date of ESD until death or last follow-up. Disease-specific survival (DSS) was calculated from the date of ESD until death due to esophageal carcinoma or last follow-up. The rates of locoregional recurrence and distant metastasis were calculated from the date of ESD to the time of first locoregional and distant metastasis, respectively. Kaplan--Meier analysis was used to evaluate survival probabilities All statistical analyses were performed using SPSS version 20. A two-sided P-value less than 0.05 was considered significant.

Results {#S0003}
=======

Baseline Characteristics {#S0003-S2001}
------------------------

Of the 103 consecutive patients identified, we excluded 19 patients because they could not follow-up (n=1), had prior or concomitant malignancy (n=3), or had a positive margin and received other treatments such as surgery, radiotherapy, chemotherapy or combined treatment (n=15). Finally, 84 patients were enrolled. In total, 89 lesions were resected ([Figure 1](#F0001){ref-type="fig"}). All patients achieved complete resection (histologically confirmed tumor-negative margins and negative lympho-vascular invasion) and had no additional treatments. [Table 1](#T0001){ref-type="table"} shows the patients' demographic and tumor characteristics. Tumor multifocality was seen in 6/84 patients (7%), four patients showed moderate to high-grade dysplasia of squamous epithelium in the esophagus, one patient had three lesions that were all moderate-grade squamous cell carcinoma, and one patient had highly to moderately differentiated tubular adenocarcinoma in the cardia.Table 1Clinical Characteristics of the 84 PatientsVariablesN (%)**Sex** Female17 (20.2) Male67 (79.8)**Age (years)** Median (range)67 (46--86) \<5511 (13.1) 55--7046 (54.8) \>7027 (32.1)**Other cancer after ESD** Lung cancer1 (1.2) Pancreatic-cancer1 (1.2) Leukemia1 (1.2) Total3 (3.6)**Gross tumor size (cm)** Median (range)2.4 (1.0--8.0) \<2.030 (35.7) 2.0--4.046 (54.8) \>48 (9.5)**Tumor location** Cervical2 (2.4) Upper thoracic9 (10.7) Mid-thoracic25 (29.8) Lower thoracic45 (53.6) Gastroesophageal junction3 (3.6)**Lumen circumference** ≦1/351 (60.7) \>1/3,≦3/428 (33.3) ≧3/45 (6.0)**Tumor morphology** I1 (1.2) IIa15 (17.9) IIb65 (77.4) IIc3 (3.6)**Histology** Squamous cell carcinoma82 (97.6) Adenocarcinoma1 (1.2) Sarcoma1 (1.2)**Differentiation** G126 (31.0) G250 (59.5) G37 (8.3) Unknown1 (1.2)**Depth of tumor infiltration** M119 (22.6) M25 (6.0) M343 (51.2) SM11 (1.2) SM22 (2.4) SM314 (16.7)**Lympho-vascular involvement** Positive0 (0) Negative84 (100)**Follow-up** Median (range)42 (9--99) Figure 1Diagram of the study design.**Abbreviations:** ESD, endoscopic submucosal dissection; M1, epithelium; M2, lamina propria; M3, muscularis mucosa; SM, submucosal.

Recurrence Pattern {#S0003-S2002}
------------------

he data were last updated in October 2018, and the median follow-up for the whole cohort was 42 (range, 9--99) months. At the time of this analysis, a total of four patients (4.8%) developed recurrences; the details of the recurrence sites are summarized in [Table 2](#T0002){ref-type="table"}. Two patients (2.3%) experienced local recurrence in the esophagus, and their lesions were located in the lower thoracic esophagus. One patient with local recurrence underwent salvage surgery and developed no recurrence or metastasis on follow-up. However, an 82-year-old patient who had in-situ recurrence and discontinued surgery or chemoradiotherapy died 4 months after the detection of recurrence. One patient (1.2%) whose lesions were located in the middle thorax had supraclavicular recurrences without evidence of any other site failure, died after salvage chemoradiotherapy. One patient experienced bone metastasis and died without chemoradiotherapy. No recurrence and metastasis was detected in the M1 and M2 group, and the primary site in all recurrent cases was located in the middle and lower esophagus. The 5-year recurrence rate and metastasis rate for the M3 group were 4.2% and 5.6%, respectively. The 5-year recurrence rate and metastasis rate for the SM group were 0% and 1.4%, respectively. Meanwhile, there were no significant differences in recurrence rate (*P* =0.432) and metastasis rate (*P=*0.354) between the M1+M2, M3 and SM groups ([Figure 2](#F0002){ref-type="fig"}).Table 2Clinical Features of the Patients Who Recurred After ESDPatientPattern of FailureAge, YearsSexL^1^Size, cmDepthM^2^D^3^C^4^H^5^PFSOS1Recurrence in situ68MLt1M3IIaG21/3SCC35432Recurrence in situ75MLt5SM1IIbG11/2SCC83863Supraclavicular lymph node metastasis46MGj2M3IIbG22/3SCC49514Bone metastases69FMt2SM3IIbG21/2SCC4055[^2][^3] Figure 2The rate of locoregional recurrence (**A**) and the rate of distant metastasis (**B**) for every group.

Survival {#S0003-S2003}
--------

The long-term outcomes of the 84 patients at the last follow-up visit shown in [Figure 3](#F0003){ref-type="fig"}. The median follow-up for the M1+M2 group, the M3 group and the SM group was 32 (range, 9--97) months, 43 (range, 9--99) months and 48 (range, 12--99) months, respectively. Although no recurrence and metastasis were detected in the M1 and M2 group, there was no significant difference in OS and DSS between the M1+M2 group, the M3 group and the SM group (*P*=0.579, *P*=0.278) ([Figure 3](#F0003){ref-type="fig"}).The 3- and 5-year OS in the overall population were 94.4% (M1+M2 group, 95.0%; M3 group, 95.0%; SM group, 92.9%) and 80.9% (M1+M2 group, 95.0%; M3 group, 95.0%; SM group, 92.9%), respectively. Meanwhile, the 3- and 5-year DSS rates were 100% (M1+M2 group, 100%; M3 group, 100%; SM group, 100%) and 90.8% (M1+M2 group, 100%; M3 group, 90.0%; SM group, 85.7%), respectively. Only three patients died of esophageal cancer. The other causes of death included lung cancer (n=1), leukocythemia (n=1), pancreatic cancer (n=1), cardiovascular disease-related deaths (n=3), and esophageal stricture (n=1).Figure 3Overall survival (**A**) and disease-specific survival (**B**) for every group.

Complications {#S0003-S2004}
-------------

No perforations occurred in any procedures. The mean blood loss was 3 (range, 2--5) mL. Delayed bleeding occurred in one of the procedures and was successfully treated via endoscopy. The rate of postoperative strictures was 11.9% (10/84). Four patients with strictures were successfully treated with endoscopic dilatation, and were able to eat soft food. Severe esophageal stricture as an adverse effect of ESD was observed in one patient after several endoscopic dilations. Only one patient developed severe stenosis, with lesions located in the lower thorax that invaded the muscularis mucosa. The mucosal defect measured 3 cm in length and 75% of the luminal circumference. Unfortunately, the patient refused stents placement due to the cost and died from the stenosis ([Table 3](#T0003){ref-type="table"}).Table 3Complications of Endoscopic Submucosal DissectionComplicationsN (%)Perforation0 (0)Delayed bleeding1 (1.2%)Postoperative strictures10 (11.9%) Grade 13 (3.6%) Grade 22 (2.4%) Grade 34 (4.8%) Grade 40 (0) Grade 51 (1.2%)

Discussion {#S0004}
==========

ESD is a widely performed procedure for esophageal carcinoma when the depth of invasion reaches the epithelium and lamina propria. However, the appropriateness of follow-up treatment after ESD in cases with a depth of invasion exceeding the muscularis mucosa is controversial. In this study, we observed patients who underwent ESD for T1N0M0 (tumor invading the mucosa and submucosa\[T1\], no regional lymph node metastasis \[N0\], no distant metastasis \[M0\]) esophageal carcinoma and achieved negative margins and received no additional treatment. The rate of recurrence and metastasis was extremely low, no recurrence and metastasis was detected in the M1 and the M2 groups, only two cases developed local recurrence, and only two cases in the M3 and SM group developed distant metastasis. The 5-years DSS was also excellent. These results support that watch and wait strategy after ESD could be implemented in esophageal cancer patients who achieve complete resection and receive no additional treatments. To the best of our knowledge, our study is the first large-scale, long-term study to directly investigate outcomes in these patients.

However, our findings are in contrast to those of previous studies, based on surgery and EMR, which reported rates lymph node invasion of 8.0%-18.0%, 11.0%-53.1%, and 30.0%-53.9% for early esophageal carcinoma limited to the M3, SM1 and SM2-SM3, respectively.[@CIT0008]--[@CIT0010] Studies on EMR resection reported disease recurrence rates from 2.4%−26%.[@CIT0015]--[@CIT0018] The National Comprehensive Cancer Network guidelines recommend additional treatments such as surgery or chemoradiotherapy to prevent locoregional progression and metastasis, after ESD for M3 or T1b tumors. We found that complete resection via ESD for M3 and SM with negative margin and negative lympho-vascular invasion yields low recurrence and metastasis rates, and thus a watch and wait strategy would be reasonable. Clinicians should consider avoiding surgery or chemoradiotherapy as salvage therapy to avoid excessive treatments. However, the optimal treatment strategies for these patients need to be confirmed in prospective studies.

The low rates of recurrence in our study may be closely related to the inclusion criterion in our cohort. First, ESD, not EMR, was used for endoscopic resection of esophageal lesions in all patients. Although there have been on the long-term outcomes of endoscopic resections,[@CIT0017],[@CIT0019] these studies included heterogeneous groups of patients treated via ESD and EMR. Compared with ESD, EMR has higher local recurrences as a result of inaccuracies in assessment of margin, invasion depth, and lympho-vascular involvement.[@CIT0011] Furthermore, ESD was associated with a higher recurrence-free survival in infiltrative tumors.[@CIT0020] Second, all ESDs were conducted under general anesthesia and performed by only one of three doctors who had 10 years' experience in endoscopic operation, and who collectively have performed an average of 30 ESDs. Recently Song et al[@CIT0021] reported that conscious sedation was an independent risk factor for incomplete resection, while general anesthesia improves the outcomes of esophageal ESD. Third, no patient in our cohort had pathologically confirmed lympho-vascular involvement, and we excluded cases with positive margin, which are associated with cancer recurrence and metastasis.[@CIT0017],[@CIT0022]

The low rates of metastasis in our study may also be attributed to our inclusion criterion. First, we excluded patients who received additional treatment following ESD. Complementary chemoradiotherapy has been reported to lower the risk of nodal or distal metastasis associated with infiltrative tumors,[@CIT0023],[@CIT0024] and patients could also benefit from ESD combined with additional treatment[@CIT0025]. Second, ESD patients were strictly selected according to CT assessments. We excluded patients with positive radiographic lymph nodes which was not conducted in previous studies on surgery.[@CIT0026]--[@CIT0029] However, it should be noted that with respect to morphology assessed via endoscopy, only one type I case and no type III tumor was included in the cohort. Recently Takubo et al[@CIT0030] reported a higher incidence of lymph node metastasis in type I and III tumors. Lastly, all ESD specimens were cut into 2-mm sections, whereas surgical specimens are cut to 5-mm sections. Thinly slicing specimens provide a more detailed evaluation of vessel invasion for precise pathological diagnosis[@CIT0011]. Eguchi et al[@CIT0009] highlighted that the risk of lymph node metastasis after lympho-vascular invasion in M3 and SM1 lesions increased from 10.3% and 28.9% to 41.7% and 100%, respectively, and follow-up results also suggested that lympho-vascular invasion of M3 increased the metastasis rate from 0.7% to 46.7%.[@CIT0017] In our study, we confirmed negative lympho-vascular invasion after pathological assessment of the ESD specimen.

The main benefit of ESD is that it is a minimally invasive operation. In contrast to the high perioperative mortality of esophagectomy,[@CIT0006] ESD almost never leads to perioperative death. In this study, the incidence of complications of ESD, such as perforations, was zero. Delayed bleeding occurred in 1.2% of procedures (1/84) and the patient was successfully treated with hemostatic drugs and blood transfusion, without the need for endoscopy. In addition, esophagectomy deeply affects short- and long-term quality of life for cancer survivors, whereas ESD does so rarely, except for those with esophageal strictures. Delayed complications in our study were mainly postoperative strictures (11.5%), and this rate is similar to those described in recent studies.[@CIT0020] Treatment of benign esophageal strictures with serial endoscopic dilatation using bougies or balloons has been established as a standard therapy, and it is associated with an immediate 80--90% success rate in relieving dysphagia.[@CIT0031],[@CIT0032] Furthermore, temporary stent placement was a late step in the treatment strategy of benign esophageal strictures.[@CIT0033] Thus, combining ESD with follow-up is the ideal first choice for patients with T1N0M0 disease. Due to the high complication rate, esophagectomy may be reasonably considered as a salvage treatment.

The present study had several limitations. First, this was a retrospective, single-center study by design. Second, old patients with T1 esophageal cancer are prone to selecting ESD; therefore, the mortality rate from secondary primary malignancy and cardiovascular disease was high, and the OS may be influenced by recurrence and metastasis. Third, although to our knowledge our cohort is one of the largest published, the number of recurrent and metastatic cases is too small for a reliable statistical analysis of subgroups. However, we divided the patients into three groups and found no major difference. Given the limited number of cases, we can only conclude that there are no significant differences between the three study groups (i.e., M1+M2, M3, and SM).

Conclusion {#S0005}
==========

Complete resection via ESD for early esophageal cancer (T1N0M0) yields very low recurrence and metastasis. As such, additional treatment is not necessary. A watch and wait strategy is one of the options, depending upon the pathological result and patient condition. Prospective studies with larger samples are needed to confirm our findings.
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